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Figure 1 Sequence alignment of inouse Serca 1, 2 and 3 protein. 



5 Serca la 1 MEAAHSKSTEECLSYFGVSETTGLTPDQYBCRHIJSBCYGPNELPAEEGKSLWELVV^ 

Serca2a 1 . .N. .T.TV. .V.GH. . .N.S. . .SLE. . .KLK.RW.S, . . . .T.L I. .... . 

Sercaib 1 , .N. .T.TV. .V.GH. . .N.S. . .SLE. . .KLK.RW.S. T.L. . .1. 

Serca3a i . .E. . LL . AAD V . RR . S . TAEG . , SLE, .TDAR.R T 

SercaSb 1 . .E. .LL.AADV.RR.S.TAEG. .SLE. .TDAR.R T 

10 SercaSc 1 . .E. .LL.AADV.RR.S.TAEG. .SLE. .TDAR.R. .T. 



Sercala 
Serca 2 a 
Serca2b 
15 Serca3a 
Serca3b 
SercaSc 



61 LVRILLLAACISFVIiAWFEEGEETVTAFVEPFVILLiLIANAIVGWQERNAENAIEALK 

61 .1 ^...V ^ 

I V ... 



61 
61 
61 
61 



.LV. 
• LV. 
.LV. 



.T. 
.T. 
.T. 



.L. .M. 
.L, .M. 
.L. .M. 



.V. 
. V. 
, V. 



.S. 
.S. 
.S, 



Sercala 121 EyEPEMGKVYRADRKSyQRIKARDIVPGDIVEVAVGDKVPAPlRILSIKSTTLRVDQSIL 

20 Serca2a 121 , . . Q K I LT. . 

Serca2b 121 Q. . . K I .....XT- 

SercaBa 121 I..S. . .G. . . .R .LVLIE. .... 

SercaBb 121 ,I.S. . .G R L.LIE 

SercaBc 121 ....... . .I.S. . .G. . . .R. . L.LIE 

25 

Serca la 181 TGESVS VIKHTDPVPDPRAVNQDKKNMLFSGTNIAAGKAVGIVATTGVSTEIGKIRDQMA 

SercaZa 181 M.V.VA. . .K. E.V 

Serca2b 181 .M.V.VA. . .N . , E.V 

SercaBa 181 T AI S L. VAVA. .LQ. .L. .. • , S. . . 

30 SercaBb 181 ...... .T AI . . . . .S. . .L.VAVA, .LQ. .L. . . .S. . . 

SercaBc 181 T AI . .= S L.VAVA. .LQ. .L S. . . 



Sercala 241 ATEQDKTPLQQKLDEFGEQLSKVISLICVAVWLINIGHFNDPVHGGSWFRGAI YYE^IAV 



35 



Serca2a 241 
Serca2b 241 



.ER 



SercaBb 241 . V . PER 
SercaBc 241 .V.PER 







































R. . . 


































, .V 



40 Sercala 
Serca2a 

Serca2b BOl 

Serca3a 301 

SercaBb .301 

45 SercaBc BOl 



301 AiiAVAAIPEGLPAVITTCIiALGTRRMAKKNAIVRSLPSVETIiGCTSVICSDKTGTLTTNQ 
BOl 



.R. 
»R- 
.R. 



Sercala 361 MSVCKMFIIDBCVDGDVCSLNEFSITGSTYAPEGEVLKNDKPVRAGQyOGLVELATItlMiC 

Serca2a 361 . . . .R. . .L. . .E. .T . .1. . .Q.D KCH 

Serca2b 361 . . . .R. . .L E. .T I. . .Q.D KCH 

50 SercaBa 361 . . . .R. . WAEMIAGT.R.H. .T.S.T. .T RQGEQ...C..F 

SercaBb 361 R. . WAEAEAGT.R. H. .T.S.T. .T. ... . .RQGEQ C. .F. - . 

SercaBc 361 R. . WAEAEAGT.R. H. . t .S.T. .T RQGEQ. . .C. .F 



Sercala 421 NDSSLDFNETKGVYEKVGEATETALTTLVEKMNVFNTEVRSLSKVERANACNSVIRQLMK 

55 Serca2a 421 . . .A. .Y. .A C;. D..LKG...I K. . . . 

.Y. .A I . C D. .LKG. . .1 K 

.Y. .A , . .C D.DLKG. .R G K. . .R 

421 . . .A. .Y. .A , .vC D.DLKG. .R G K, • .R 

• A. .Y. .A C D.DLKG. .R G K. . .R 



Serca2b 421 . . .A. 

SercaBa 421 . . .A. 
SercaBb 

SercaBc 421 
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Sercala 481 KEFTLEFSRDRKSMSVYCSPAKSSRAAVGNKMFVKGAPEGVIDRCNYVRVGTTRVPLTGP 

Serca2a 481 T.N. P. .TSMS-. .THI . . . S.K. .M. PG 

Serca2b 481 T.N.P,. TSMS- THI S . K . . M - PG 

Serca3a 481 • T . TRADPKVQ . S . • S . . E . . SS SRTA, . STT 

5 Serca3b 481 T . TRADPKVQ . S S..E..SS SRTA. .STT 

Serca3c 481 T . TRADPKVQ . S . S. .E. .SS SRTA. .STT 



Sercala 541 VKEKIMSVIKEWGTGRDTLRCLALATRDTPPKREEMVLDDSAKFMEYEMDLTFVGVVGM^ 



Serca2a 540 . .Q R. ..S.S H.N 

10 Serca2b 540 . .Q R.,.S.S,. ..H.N 

SercaSa 541 SR.H.LAK.RD. .S.S. . . 

Serca3b 541 SR.U.^LAK.RD. ..S.S 

Serca3<: 541 SR.H.LAK.RD. .S.S. RK.D.H. . .CSR.VQ. -T . .C. 



.L H.E. . .N.IK. .TN C. 

.L H.E. - .N.IK. .TN C. 

. .RK.D.H. . .CSR.VQ. .T C. 

- .RK.D.H. , . CSR.VQ. .T C. 



15 Sercala 601 DPPRKEVTGSIQLCElDAGIRVIMITGDNKGTAIAICRRIGIFSENEEVTDRAYTGByEFDD 



Serca2a 
Serca2b 
SercaSa 
SercaBb 
20 Serca3c 



600 
600 
601 
601 
601 



.1. .AS.VK. . .Q. 
.1. .AS.VK. . .Q. 
.P. .AAC.TR.SR. 
.P.. .AAC.TR.SR. 
.P. .AAC.TR.SR. 



.V. . 
.V. . 
.V. . 
.V. . 
. V. . 



. .GQD.D. .SK.F 
. .GQD.D. .SK.F 
. .GDT.D.LGK. . 
. ..GDT.D.LGK. . 
. .GDT.D.LGK. . 



661 LPLAEQREACRRACCFARVEPSHKSKIVEYLQSYDEITAMTGDGVNDAPALKKAEIGIAM 

660 .SPSA. .D, .LN.R F. . .F S 

Serca2b 660 .SPSA. .D. .LN.R F, . .F. . .S 

25 SercaSa 661 .SPEQ. .Q. . .T.R. ..... .A. . ,R. . .N. . .FN. . ^ 

SercaSb 661 .SPEQ. .Q. . .T.R, A. . .R. . .N, . . FN. . . 

661 .SPEQ. .Q. . .T.R A. . .R. . .N. . .FN 



Sercala 
Serca2a 



SercaSc 



Sercala 721 GSGTAVAKTASEMVIADDNFSTIVAAVEEGRAiYNNMKQFIRYLISSNVGEVVCIFLTAA 

30 Serca2a 720 . 

Serca2b 720 . ^ ^ 

Serca3a 721 S . A. . , . S . . . .AS . . I 

Serca3b 721 " S.A... .S AS I 

SercaSc 721 S.A. . . .S. . . - AS. . . .1 

35 

Sercala 781 LGLPEALIPVQLLWVNLVTDGLPATALGFNPPDLDIMDRPPRSPKEPLISGWLFFRYMAI 

Serca2a 780 . . F. NK. ..N L. . 

Serca2b 780 . . F , NK, . .N ........ .L. . 

Serca3a 781 .EK. . -N.R.A L- . 

40 Serca3b 781 : EK... N.R.A L. . 

Serca3c 781 EK. . . N.R.A. . . . . . L. . 



Sercala 84 1 GGYVGAATVGAT^AWWFLYAEDGPHVSYHQLTHFMQCTEHNPEFDGLDCEYFEAPEPMTMA 



45 



Serca2a 


840 


.C. . 








.lA.DG. 


.R. .FY. 


.S. .L. .K.D. 


.D. . .V. 


. AI . 


• "S . Y . • 


Serca2b 


840 


.C. . 








. lA. DG. 


.R. .FY. 


•S. .L. .K.D. 


.D. . .V. 


.AI. 


.S.Y. . 


SercaSa 


841 


.V. . 


.L. , 


,A. 


.T. . 


. , .DAE. 


.Q.TFY. 


.RN.LK.S.D.. 


.L.A.I. 


. K.. . 


.SRF.T 


SercaSb 


841 


.V. . 


.L. . 


.A. 


.T. , 


. . . DAE . 


.Q. TFY. 


.RN.LK.S.D. 


.L.A.I. 


.K. . 


. SRF . T 


SercaSc 


841 


.V. . 


.L. . 


.A. 


.T. . 


DAE. 


.Q.TFY. 


.RN.LK.S.D. 


.L.A.I. 


. K • . 


.SRF.T 



50 Sercala 901 LSVLVTIEMCNALNSLSENQSLLRMPPWVNIWLLGSICLSMSLHFLILYVDPLPMIFBCLR 

Serca2a 900 E V E....L..QIT 

Serca2b 900 E V ,E. ..L. .QIT 

SercaSa 901 .V L.P. . . .AWM. .A L.P. . .L. .QVT 

SercaSb 901 V L.P AWM. .A L. R. . .L. . QVT 

55 SercaSc 901 V L.P AWM. .A L.P...L..QVT 
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Sercala 961 ALDFTQWIiMVUCISLPVIGLDELLKFIARNYLEG 

Serca2a 960 P.NL.... LM..T...V QPAILE 

Ser ca2b 960 P . NL . . . LM . . T . . • V QPGKECVQPATKSSCSLSACTDGISWP 

Serca3a 961 P^SGR. .GV. .QM L. . .A. .YIiS. .HMDEKKDLK 

5 Serca3b 961 P.SGR. .GV. .QM. , . . .L. . .A. .YLS, /HMD.VLGTFMQARSRQLPTTSRTPYHTGBCK 



Serca3c 961 P . SGR. .GV, .QM. 



.A. .YtiS. .HMD.VLGTTOQARSRQLPTTSRTPYHTGLA 



Serca2b 1020 FVIiLIMPLWWVYSTDTNFSDMFWS 
to SercaSb 1021 GPEVNPGSRGESPVWPSD 
SercaSc 1021 SWKECRT 



15 



wo 2005/063007 



PCT/NO2004/000397 



4/19 





Figure 2 
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Sequence simQarity of Serca2 proteins in mammalian species 
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Mouse_2a 481 KEFTLEFSRDRKSMSVYCTPNKPSRTSMSKMFVKGAPEGVIDRCTHIRVGStKVPMTPGV 

Mouse_2b 481 

Rat_2b 481 

Rat_2a 481 

5 Dpg_2a 481 

Cat_2a 481 

Pig_2a 481 

Pig_2b 481 , , 

Human_2b 481 , .... .S. ^ 

10 Human_2c 481 - S . . 

Human_2a 481 S . .. 

Rabbit^2a 481 A. . 

Rabbit_2b 48^1 A. . 

15 Mouse_2a 541 KQKIMSVIREWGSGSbTLRCLALATHDNPLKREEMHLEDSANFTKYETNLTFVGCVGl^^ 

Mouse_2b 541 , , .>..,... 

Rat_2b 541 R , . 

Rat_2 a 541 . R . 

Dog_^2a 541 . . .V ^ .R N. . . . . . 

20 Cat:_2a 541 . . .V. . . . . .R N. ...... . , 

Pig_2a 541 MR N . . = 

Pig_2b 541 MR..,. N.J. : 

Human_2b 541 R. 

H\aman_2c 541 R. ■. 

25 Huinaii_2a 541 . . R. . , 

Rabbit_2a 54 1 R. . . . . ..K. 

Rabbit_2b 541 R K. 

Mouse_2a 601 PPRIEVASSVKLCRQAGIRVIMITGDNKGTAVAICRRIGIFGQDEDVTSKAFTGREFDEIi 

30 Mouse_.2b 601 

Rat_2b 601 ... 

Rat_2a 601 

Dog_2a 601 , , . . . > 

Cat_2a 601 ..... , 

35 Pig_^2a 601 

Pig_2b 601 

Hu2aan_2b 601 

Human_2c 601 

H\aman_2a 601 

40 Rabbi t_2a 601 . E A. 

Rabbit_2b 601 ...E.,,.A ..... 

Mouse_2a 661 SPSAQRDAC^NARCPARVTlPSHKSKIVEFLQSFDEITAMTGDGyNDAPALE^^ 

Mouse_2b 661 : : 

45 Rat_2b 661 , 

Rat_2a 661 

Dog_2a 661 . ; 

Cat_2a 661 , 

Pig_2a 661 N E . 

50 Pig_2b 661 N E 

Himan_2b 661 N A 

Human_2c 661 N ; . • A. 

Hiiman_2a 661 N , A. ...... 

Rabbi t_2a 661 N A 

55 Rabbit 2b 661 N A 
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Mouse_2a 721 SGTAVAKTASEMVLADDNFSTIVAAVEEGRAIYNNMKQFIRYLISSNVGEVVCIFLTAAL 

Mouse_2b 721 

Rat_2b 721 • 

Rat_2a 721 

5 Pog_2a 721 , 

Cat_2a 721 

Pig_2a 721 , 

Pig_2b 721 . 

Human 2b 721 , 

10 Hiaman_2c 721 - • ^ • 

Hiiman_2a 721 . . , 

Rabbit_2a 721 . 

Rabbit^2b 721 

15 Mouse_2a 781 GFPEALIPVQLLWVmLVTTCLPATALGFNPPDLDIMNKPPIU^PKEPLIS 

Mouse_2b 781 , 

Rat_2b 781 , : 

Rat_2a 781 . . . , 

I>og_2a 781 : . = ..... 

20 Cat^2a 781 : 

Pig2a 781 

Pig_2b 781 

Hxaman_2b 781 , 

Human_2c 781 . , .. .. 

25 Hiainan__2a 7 8.1 .... 

Rabbit_2a 78 1 

Rabbi t_2b 781 , 

Mouse^2a 841 CYVGAATVGiUU^WWFIAAIXSGPRVSFYQLSHFLQCKEDNPDFDGVDCAIFES^^^ 

30 Mouse_2b 841 . . 

Rat__2b 841 . ^ . . .E. . . . , . 

Rat_2a 841 E 

Dog_2a 841 . . . D. . . .E. . . 

Cat_2a 841 ^. . . .D. ... .E. ... 

35 Pig_2a 841 .T. . . . • . , E V ......... 

Pig_2b 841 , T. E. . . . .V 

Hiaman_2b 841 E- 

Hiiman_2c 8 41 . . , . , E 

Human_2a 841 : ; . . .E 

40 Rabbit_2a 841 E 

Rabbit_2b 841 , E 

Mouse_^2a 901 SVLVTrEMCNALNSLSENQSLLRMPPWENIWLVGSICLSMSLHFLILYVEPLPLI FQITP 

Mouse_2b 901 

45 Rat_2b 901 

Rat_2a 901 , . , 

Dog_2a ,901 .s 

Cat_2a 901 

Pig_2a 901 

50 Pig_2b 901 

Human_2b 901 

Human_2G 901 

Human_2a 901 

Rabbit_2a 901 

55 Rabbit 2b 901 
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10 



Mo-use_2a 961 LNLTQWIM\^ISLPVII.MDETLKFVARNYLEQPAILE — 

Mo\ase_2b 961 , , . . , . GKiSCVQPATKSSCSLSACTDGISWPF 

Rat:_2b 961 -.GBCECA. P 

Rat:_2a 961 - . AILE 

Dog_2a 961 -.AILE 

Cat:_2a 961 . - . AILE 

Pig_2a 961 -.AILE 

Pig^2b 961 -.GKEC -..F. 

Huiiian_2b 961 . .V. -.GKEC. .F 

H\iinan_2c 961 . .V -.VLSSL 

Himian_2a 9 61 . . V - . AILE 

RalDbit_2a 961 . . V , =, - . AILE 

RalDbit 2b 961 . .V. . ...-.GKEG PQ. - . . .W. . . E . V 



15 



20 



Mouse_2b 1021 VLLIMPLWWVYSTDTNFSDMFWS 

Ra-t_2b 1020 . . , 

Pig__2b 1019 . 

Huinan_2b 1019 

RalDbit 2b 1019 . . . .V. . .M. , LL. . 
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Fig. 3 Targeting construct for Serca2 flox gene modification. Sequence mformation. 

Serca2 gene — = ' 

LfOxP site 1: Intron 1 

underlined sequence ^ loxP site and cloning sequence 
ExonI (partial) 

CACGGGGCTGAGCTTGGMCAGGTCAAGAA^GCT^ 

ccgrgsrsrc tgpsLScg^c^cggc^cggcfcccgsigcgcceieLggsLaga tggctgacccggc tccacptcgtggg 
gcttggctcggcgcggcgcccgacggctgcgagaggccggcggtccacgcgcgggtctgggccBtcgccg 
acct tagygj^ gtctcqaatcaagcttatcgataccgrtcgatcggacctcgagggggggcccggtaccccfgg 
gatcaattcqagctcgcccggggatcgatccggaacccttaatATAACTTCGTATAATGTATGCTATACG 
AAGrrTATtaggtccctcgacctgcagcccaagctccGGQGA tctcgagccggtgaccttcccggccggcg 
ctcagcgagtcggattgggggggggggagagggagtgggaaOTagggaggaggttcctgcggctgggctg 
agtcccccgcggatttiatgaggcgtcgatgttgttgagaaaccctcggaccgtttcttgtgctccccaaa 
gttgcacatctggcagaagtgatgacccagctgaaatgactgcatggtcctggaggccggagagggctta 
cgggcagttccgaggccactgattaccagggctgaataattttctcggggtatcaaagtggagacagatt 
gttgtacgttcatacacctatatccgccattcagacaacgatggtggtgaatttagcagtttittaataaa 
agcgctaatacaatatcttcatttttctttic 

Serca2 gene ^ — ^ 

LoxP site 2: intion 3 5 'of genonoic.Xcnil sibe 

underlined sequence — loxPsite, cloning sites and partial HSV-TK 

ccaa 1 1 1 1 ta t tct tagaaca t tg.ta t tct ta tac tgtga taggaagtgaaaaa tea tacag tact tgte 
t tag^t ttcacaaaa c tga taactgtatggt ttcaa t ta tgta t tcacapgt t taagtctgacccagggG 
GATCCqgaacccttaatATAACTTCH3T3k!rAATGTATGCTATACC^^ 

cccaagctgatcctctagtcgagccccagctggttctttccgcctcagaagccatagagcccaccgcatc 
cccagcatgcctgctattgtcttcccaatcctcccccttgctgtcctgccccaccccaccccccagaata 
gaatgacacctactcagacaatgcgatgcaatttcctcattttattaggaaaggacagtgggagtggcac 
cttccagggtcaaggaaggcacgggggaggggcaaacaacagatggctggcaactagaaggcacagbcga 
ggctgatcagcgaqctctaqctagagaatt:gat:cccctcagaagaactcgtcaagaaggcqatagaaggc 
gatgcgctgcgaat:cgggagcggcgat*ccgtaaagcacgaggaagcgg*cagcccattcgccgccaagc 
tctttcagcaatat:cacgggtagccaacgctatgt*ctgat:aagcggtccgcccacacccaa*ccggcca 
caagtc*atgaaatcca*aaaaagcgggccatttttccacc*atgatttt*cggcaagcaaggccttt»c 
cattgggtcaccgac*aga*catt*tccgt*c*ggcattgcgc*ccct 

^ — ~- HSV-TK Neo antibiotics cassette 

LoxP site 3: Intron 3 5 'of genomic Xcml site 

underlined sequence = loxP site^ cloning sites and partial Neo gene 

gttttcat*accaccgcgggtcccgggc*gatat*ttcaccttgtc^ag*cggtgttgtgtggtgtaaat:g 

ttcgcgattgtttcgaaagcccc*agcacccgccagtaagtcatcggctcgggtacgtagacgatatcgt:c 

gcgcgaacccagggccaccagcaagttgcqt:ggtggtggttttccccatcc*gtqgggac*gtctatataa 

acc*gcagtagcgtgggcatt:ttctgctccgggcggacttccgtggcttcttgctgccggcgagggcgcaa 

cgccgtacgtcggttigctatggccgcgagaacgcgcagcctggtcgaacgcagacgcgtgttgatggccgg 

ggtacgaagccatacgcgcttctacaaggcgcbggccgaagaggtgcgggaqtttcacgccaccaagatct 

gcggcacgctgttgacgctgttaagcgggtcgctcfcagggtcgctcggtgttcgaggccacacgcgtcacc 

ttaatatgcgaagt:ggacctcggaccgcgccgccccgactgcat:ctgcgtgttcgaattcgccaatgacaa 

gacgctqggcggggtttgct:cgacattgggtggaaacattccagqcctqqcrtqqagaqgctttttgcttcc 

tct:tgcaaaaccacactgctcqacattqqqtqqaaacattccaggcctgggtggagaggcttttt:gctt:cc 

tcttgaaaaccacactqctcqatccqqaacccttaatATAACrTCGTATAATGTATGCrAT^ 

GTTATtaggtccctcgacctqcagcccaagctgatcctctagaqtcgacctcqa^ ctetete»»te 

acattagcttagagg 
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Fig. 4A 



Schennatic representation of genetic manipulation. 
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Fig 4 B: Verificatioii of Serca locus targeting events oflspring from chimeric mice. 
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Fig. 5 Specificity of gene deletion in a test npiodeL 
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Control A = wt ES cells (14:1a) 

Control B = Upper panel: Sercaa'^^^ ES cells 

Middle panel: Left ventricle ftom MLC-2V-Cre mice 

Lowjer panel: Serca2'^'*^ ES cells 
LV = heart left ventricle 
RV = heart rig|it ventricle 

EDL =^ extensor digitorum longus niuscle (fast-twitch skeletal muscle) 
Solens = soleus muscle (slow-twitch skeletal muscle) 
Other tissues as indicated. 
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Fig. 6 Cardiac ANP mRNA expression. 
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Fig. 7 Serca2 protein expression. 
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Fig. 8 Compensatory mechanisms in Serca^^^ MLC-2v-Cre mice. 
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Figure 9 Genotypes PGR 
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Figure 10 Heart morphology 
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Figure 11 Pilot series left atrial diastolic diameter. 
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Figure 12 Serca protein content in tamoxifen-induced FF and KO mice 
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